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1
SPIRAL SPRING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a spiral spring.

2. Background Art

Spiral springs are widely used 1n various applications such
as a valve timing adjuster for rotationally driving a cam shaft
by rotative power inputted from the crankshait in an internal
combustion engine.

The valve timing adjuster includes a housing operatively
connected to the crankshaft and a vane rotor operatively con-
nected to the cam shatt, the internal space of the housing 1s
divided into a retard chamber and an advance chamber by
vanes 1n the vane rotor, and supplying hydraulic o1l to one of
the retard chamber and the advance chamber and discharging
hydraulic o1l from the other make it possible to change the
rotational phase of the vane rotor relative to the housing.

The valve timing adjuster further includes a spiral spring
for enhancing the startability of an internal combustion
engine by retaining the rotational phase of the vane rotor
relative to the housing at an mtermediate phase between the
most retarded position and the most advanced position.

The spiral spring 1s interposed between the housing and the
vane rotor so as to he capable of biasing the vane rotor toward
the mtermediate phase on the advance side when the vane
rotor 1s placed more toward the retard side than the interme-
diate phase 1s, and thereby the rotational movement of the
vane rotor at the start of the imnternal combustion engine 1s
retained at the intermediate phase so that the startability of the
internal combustion engine can be enhanced.

The spiral spring 1s a member obtained by spirally winding
an elongated wire rod 1n approximately the same plane and
arrives at an elasticity retaining state by the relative circums-
terential movement of the inner end and the outer end 1n the
diameter-reducing direction.

FIGS. 4A to 4C show plan views of a conventional spiral
spring.

FIGS. 4A to 4C show a free length state, an 1nitial torque
generating state (a state 1n which the spiral spring 1s elasti-
cally deformed 1n the diameter-reducing direction from the
free length state so as to generate a predetermined initial
torque), and a maximum torque generating state (a state in
which the spiral spring 1s elastically deformed in the diam-
cter-reducing direction from the initial torque generating
state so as to generate the maximum torque) of the spiral
spring, respectively.

As shown 1n FIG. 4A, 1n a free length state, a conventional
spiral spring 1s configured such that the radius of curvature 1s
increased at an approximately constant rate from the 1nner
end that 1s located radially inside toward the outer end that 1s
located radially outside (the radius 1s increased at an approxi-
mately constant rate).

As shown i FIGS. 4B and 4C, when a conventional spiral
spring having this configuration 1s brought into an elasticity
retaining state such as the initial torque generating state or the
maximum torque generating state, all coil parts ranging from
the first coil part in the innermost place to the n-th coil part in
the outermost place 1n the radial direction (the third coil part
in the configuration depicted in the drawings) come into
contact with other radially adjacent coil parts only in one
location that 1s approximately the same position with respect
to the circumierential direction (hereinafter referred to as a
first circumierential position).

That 1s, 1n the atorementioned conventional spiral spring,
the entire areas 1n the circumierential direction of all coil parts
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2

exceptin the first circumierential position are not subjected to
frictional contact with other coil parts that are radially adja-
cent, and thus are areas where elastic deformation can freely
occur. Accordingly, there 1s a problem in that the overall
natural frequency of the spiral spring 1s low.

When such a conventional spiral spring 1s used in, for
example, a valve timing adjuster disclosed in patent literature
1, resonance occurs as the output rotational speed of an inter-
nal combustion engine 1increases and the frequency of vibra-
tions added to the spiral spring nears the natural frequency,
thus 1imposing a large burden on the spiral spring.

Moreover, the coil part located 1n the middle with respect to
the radial direction comes into contact with and 1s com-
pressed by the coil part that 1s located radially inside and the
coil part that 1s located radially outside 1n the first circumfier-
ential position, thus stress 1s concentrated on the first circum-
ferential position at the time of elastic deformation move-
ment, and there 1s a possibility of this part being damaged.

PRIOR ART DOCUMENT

Patent Document

Patent document 1: Japanese Unexamined Patent Publica-
tion No. 2010-180862.

DISCLOSURE OF THE INVENTION

The present invention has been achieved in view of the
conventional art described above, and an object thereof 1s to
provide a spiral spring capable of having an increased natural
frequency and preventing or reducing local stress concentra-
tion at the time of elastic deformation movement.

In order to achieve the object, the present invention pro-
vides a spiral spring 1n which an elongated member 1s wound
into a spiral shape in substantially the same plane so as to have
a fixed coil part serving as an end coil part and a plurality of
movable coil parts being continuous with a terminal end of
the fixed coil part, wherein at least a first movable coil part of
the plurality of movable coil parts that 1s 1n the mnermost
place 1n the radial direction does not come into contact with
both the fixed coil part, which 1s radially adjacent on the
inside, and a second movable coil part, which 1s radially
adjacent on the outside, at the same place 1n the circumieren-
tial direction while coming into contact with only one of the
fixed coil part and the second movable coil part 1n a plurality
of places that are circumierentially displaced, when the spiral
spring 1s 1n an elasticity retaining state reached from a free
length state by elastic deformation 1n the diameter-reducing
direction.

The spiral spring according to the present invention makes
it possible to effectively increase the natural frequency while
elfectively preventing local stress concentration at the time of
clastic deformation movement 1n comparison with a conven-
tional spiral spring in which one coil part comes into contact
with another one coil part, which 1s radially adjacent on the
inside, and still another one coil part, which 1s radially adja-
cent on the outside, at the same place 1n the circumierential
direction, since at least the first movable coil part of the
plurality of movable coil parts that 1s 1n the innermost place in
the radial direction does not come into contact with both the
fixed coil part, which 1s radially adjacent on the inside, and the
second movable coil part, which is radially adjacent on the
outside, at the same place 1n the circumierential direction
while coming 1nto contact with only one of the fixed coil part
and the second movable coil part 1n a plurality of places that
are circumierentially displaced, when the spiral spring 1s in an
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clasticity retaining state reached from a free length state by
clastic deformation in the diameter-reducing direction.

In one embodiment, the first movable coil part has a plu-
rality of small curvature parts with a smaller radius of curva-
ture than both sides 1n the circumferential direction, the sec-
ond movable coil part has a plurality of large curvature parts
that are arranged 1n places respectively corresponding to the
plurality of small curvature parts with respect to the circum-
ferential direction and each have a larger radius of curvature
than both sides 1n the circumierential direction, and the plu-
rality of small curvature parts come into contact with the
corresponding large curvature parts, respectively when the
spiral spring 1s 1n the elasticity retaining state.

For example, the plurality of small curvature parts includes
a first small curvature part arranged 1n a place circumieren-
tially spaced from the terminal end of the fixed coil part, a
second small curvature part arranged 1n a place circumieren-
tially spaced from the first small curvature part, and a third
small curvature part arranged 1n a place circumierentially
spaced from the second small curvature part, and the plurality
of large curvature parts includes first to third large curvature
parts that are arranged in places respectively corresponding to
the first to third small curvature parts with respect to the
circumierential direction, respectively.

In a preferred configuration, the first movable coil part
includes a halfway portion that i1s arranged between the sec-
ond and third small curvature parts with respect to the cir-
cumierential direction and comes 1n contact with the fixed
coil part while leaving a gap between the haltway portion and
the second movable coil part, when the spiral spring 1s in the
clasticity retaining state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are plan views of a spiral spring according,
to one embodiment of the present invention, and show a free
length state, an mitial torque generating state and a maximum
torque generating state, respectively.

FIG. 2 1s a graph showing a relationship between the num-
ber of turns and the curvature when the spiral spring shown in
FIGS. 1A to 1C 1s 1n an mitial torque generating state.

FI1G. 3 1s a graph showing a relationship between the num-
ber of turns and the curvature when the spiral spring shown in
FIGS. 1A to 1C 1s 1n a maximum torque generating state.

FIGS. 4A to 4C are plan views of a conventional spiral
spring, and show a free length state, an 1nitial torque gener-
ating state and a maximum torque generating state, respec-
tively.

FI1G. 5 1s a graph showing a relationship between the num-
ber of turns and the curvature of the conventional spiral spring,
shown 1n FIGS. 4A to 4C at the initial torque generating state.

FIG. 6 1s a graph showing a relationship between the num-
ber of turns and the curvature of the conventional spiral spring
shown 1n FIGS. 4A to 4C at the maximum torque generating
state.

EMBODIMENT FOR CARRYING OUT TH.
INVENTION

(L]

Below, a preferable embodiment of the spiral spring
according to the present invention 1s described with reference
to the appended drawings.

FIGS. 1A to 1C show plan views of a spiral spring 1
according to the present embodiment.

FIGS. 1A to 1C show a free length state, an 1nitial torque
generating state (a state 1n which the spiral spring 1 1s elasti-
cally deformed in the diameter-reducing direction front the

10

15

20

25

30

35

40

45

50

55

60

65

4

free length state so as to generate a predetermined initial
torque), and a maximum torque generating state (a state in
which the spiral spring 1 1s elastically deformed in the diam-
eter-reducing direction front the mitial torque generating
state so as to generate the maximum torque) of the spiral
spring 1, respectively

As shown 1n FIGS. 1A to 1C, due to the spiral winding of
an elongated member 100 1n substantially the same plane, the
spiral spring 1 has a fixed coil part 10 that 1s in the innermost
place in the radial direction and serves as an end coil part, and
a plurality of movable coil parts 20 that are continuous with
the terminal end of the fixed coil part 10.

The fixed coil part 10 has one end 10a on the starting end
side that forms the mnner end of the spiral spring 1 and the
other end 105 that spirally extends from the one end 10a and
forms the terminal end that continues to the movable coil
parts 20.

In the configuration depicted in the drawings, the area
covering approximately 1.25 turns from the mnner end of the
spiral spring 1 serves as the fixed coil part 10. At the mnner end
of the spiral spring 1 (the starting end of the fixed coil part), an
inner end side attachment hook 2a 1s formed.

The plurality of movable coil parts 20 have a first movable
coil part 20(1) that extends from the terminal end 105 of the
fixed coil part 10 so as to be located radially outside of the
fixed coil part 10, and a second movable coil part 20(2) that
extends from the terminal end of the first movable coil part
20(1) so as to be located radially outside of the first movable
coil part 20(1).

As shown 1n FIGS. 1A to 1C, 1n the spiral spring 1 accord-

ing to the present embodiment, the terminal end of the second
movable coil part 20(2) forms the outer end of the spiral
spring 1, and an outer end side attachment hook 26 1s formed
at the outer end (the terminal end of the second movable coil
part 20(2)). The present invention 1s not limited to this
embodiment, and 1s naturally possible that the movable parts
include three or more coil parts.
The spiral spring 1 according to the present embodiment 1s
configured such that when an elasticity retaining state (the
state shown 1n FIGS. 1B and 1C) 1s reached from a free length
state (the state shown 1n FIG. 1A) by elastic deformation 1n
the diameter-reducing direction, the first movable coil part
20(1) does not come 1nto contact with both the fixed coil part
10, which 1s radially adjacent on the 1nside, and the second
movable coil part 20(2), which 1s radially adjacent on the
outside, at the same place in the circumierential direction, and
comes 1nto contact with only one of the fixed coil part 10 and
the second movable coil part 20(2) in a plurality of places that
are circumierentially displaced.

Specifically, as shown 1n FIGS. 1B and 1C, in the elasticity
retaining state, the first movable coil part 20(1) 1s 1n contact
with only the second movable coil part 20(2) 1n a first place
235a that 1s spaced from the starting end at a predetermined
angle in the circumierentially outward direction while being
radially spaced from the fixed coil part 10, 1s in contact with
only the second movable coil part 20(2) 1n a second place 255
that s spaced from the first place 25a at a predetermined angle
in the circumierentially outward direction while being radi-
ally spaced from the fixed coil part 10, and 1s 1n contact with
only the second movable coil part 20(2) 1n a third place 25¢
that 1s spaced from the second place 255 at a predetermined
angle 1n the circumierentially outward direction while being
radially spaced from the fixed coil part 10.

In the present embodiment, when the spiral spring 1 1s 1n
the elasticity retaining state, the first movable coil part 20(1)
1s, Turther, 1n contact with only the fixed coil part 10 1n a fourth
place 254 that 1s between the second place 2556 and the third
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place 25¢ with respect to the circumierential direction while
being radially spaced from the second movable coil part
2002).

Thus, 1n the present embodiment, 1n the elasticity retaining,
state, the first movable coil part 20(1) 1s not 1n contact with
both the fixed coil part 10 and the second movable coil part
20(2) 1in the same place 1n the circumierential direction, and 1s
in contact with only one of the fixed coil part 10 and the
second movable coil part 20(2) 1n a plurality of places that are
circumierentially displaced.

The thus configured spiral spring 1 according to the present
embodiment can have a higher natural frequency than con-
ventional spiral springs, and, moreover, can efiectively pre-
vent local stress concentration.

FIGS. 4A to 4C show plan views of a conventional spiral
spring 200 1n a free length state, an nitial torque generating
state, and a maximum torque generating state, respectively.

FI1G. 5 shows the relationship between the number of turns
and the curvature when the conventional spiral spring 200 1s
in an initial torque generating state (FI1G. 4B). FIG. 6 shows
the relationship between the number of turns and the curva-
ture when the conventional spiral spring 200 1s 1n a maximum
torque generating state (FI1G. 4C).

As shown 1n FIG. 4A, 1n a free length state, the conven-
tional spiral spring 200 1s configured such that the radius of
curvature 1s increased at an approximately constant rate from
the inner end that 1s located radially mside toward the outer
end that 1s located radially outside (the radius 1s increased at
an approximately constant rate).

As shown 1n FIGS. 4B and 4C, when the conventional
spiral spring 200 having this configuration 1s brought into an
clasticity retaining state such as the initial torque generating
state or the maximum torque generating state, all coil parts
ranging from a first coil part 210(1) in the innermost place to
a third coil part 210(3) 1n the outermost place in the radial
direction come into contact with other radially adjacent coil
parts only 1n one location that 1s approximately the same
position with respect to the circumierential direction (here-
inafter referred to as a first circumierential position 205).

In this case, 1n every one of all coil parts, the entire area in
the circumierential direction except at the first circumieren-
t1al position 205 1s not subjected to frictional contact with
other radially adjacent coil parts, and thus 1s an area where
clastic deformation can freely occur. Accordingly, the overall
natural frequency of the spiral spring 1s lowered, and reso-
nance 1s likely to occur.

Moreover, 1n the conventional configuration, the coil part
located 1n the middle with respect to the radial direction (the
second coil part 210(2) 1n the configuration depicted 1n the
drawings) 1s compressed by the coil part (210(1)) located
radially inside and the coil part (210(3)) located radially
outside in the first circumierential position 205, and thus there
1s a problem in that stress 1s concentrated on the first circum-
terential position 205 at the time of elastic deformation move-
ment.

On the other hand, 1n the spiral spring 1 according to the
present embodiment, the first movable coil part 20(1) contact
only one of the fixed coil part 10 and the second movable coil
part 20(2) 1n a plurality of places 25a, 255, and 25¢ that are
circumierentially displaced. Accordingly, it 1s possible to
increase the natural frequency and thus effectively prevent
resonance.

Moreover, the first movable coil part 20(1) 1s configured so
as not to be simultaneously 1n contact with both the fixed coil
part and the second movable coil part 1n the same place 1in the
circumierential direction. Accordingly, it 1s possible to effec-
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tively prevent stress concentration on a specific location at the
time of elastic deformation movement.

FIGS. 2 and 3 show the relationship between the number of
turns and the curvature when the spiral spring 1 1s in an 1nitial
torque generating state (FI1G. 1B) and a maximum torque
generating state (FIG. 1C), respectively.

As shown 1n FIGS. 1A to 1C and FIGS. 2 and 3, the first
movable coil part 20(1) has a plurality of small curvature parts
with a smaller radius of curvature than both sides in the
circumierential direction.

In the configuration depicted in the drawings, the plurality
of small curvature parts include first to third small curvature
parts 21a to 21c.

The first small curvature part 21a 1s provided in a place
circumierentially spaced from the terminal end 1056 of the
fixed coil part 10. The second small curvature part 215 1s
provided 1n a place circumierentially spaced from the first
small curvature part 21a. The third small curvature part 21c1s
provided 1n a place circumferentially spaced from the second
small curvature part 215.

As shownin FIGS. 1A to 1Cand FIGS. 2 and 3, 1n the spiral
spring 1, a first transitional area 22q and a second transitional
area 22b having a larger radius of curvature than the first small
curvature part 21a are provided on the starting end side and
the terminal end side 1n the circumierential direction relative
to the first small curvature part 21a, respectively.

That 1s, the first small curvature part 21a 1s located between
the first and second transitional areas 22a and 226 with
respect to the circumierential direction.

The second small curvature part 215 1s located on the
terminal end side in the circumierential direction of the sec-
ond transitional area 22b, and the spiral spring 1 further
includes a third transitional area 22¢ having a larger radius of
curvature than the second small curvature part 215 on the
terminal end side in the circumierential direction relative to
the second small curvature part 215.

That 1s, the second small curvature part 215 1s located
between the second and third transitional areas 226 and 22c¢
with respect to the circumierential direction.

The third small curvature part 21 ¢ 1s located on the terminal
end side 1n the circumierential direction of the third transi-
tional area 22¢, and the spiral spring 1 further includes a
fourth transitional area 224 having a larger radius of curvature
than the third small curvature part 21¢ on the terminal end
side 1n the circumierential direction relative to the third small
curvature part 21c.

That 1s, the thuird small curvature part 21c 1s located
between the third and fourth transitional areas 22¢ and 22d
with respect to the circumierential direction.

On the other hand, the second movable coil part 20(2)
includes first to third large curvature parts 23a to 23c 1in places
respectively corresponding to the first to third small curvature
parts 21a to 21¢ with respect to the circumierential direction,
and the first to third large curvature parts 23a to 23¢ each have
a larger radius of curvature than both sides in the circumfer-
ential direction.

In this configuration, the first to third small curvature parts
21a to 21c comes 1nto contact with the corresponding first to
third large curvature parts 23a to 23c, respectively.

Specifically, the first small curvature part 21a comes 1nto
contact with the first large curvature part 23a while leaving a
gap between the first small curvature part 21a and the fixed
coil part 10, the second small curvature part 215 comes into
contact with the second large curvature part 235 while leaving
a gap between the second small curvature part 215 and the
fixed coil part 10, and the third small curvature part 21¢ comes
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into contact with the third large curvature part 23¢ while
leaving a gap between the third small curvature part 21¢ and
the fixed coil part 10.

As shown i FIGS. 1A to 1C, the spiral spring 1 according,
to the present embodiment includes, on the terminal end side
in the circumierential direction relative to the fourth transi-
tional area 22d, a fourth small curvature part 214 having a
smaller curvature than the fourth transitional area 224, a fifth
transitional area 22e having a larger curvature than the fourth
small curvature part 214, a fifth small curvature part 21e
having a smaller curvature than the fifth transitional area 22e,
a sixth transitional area 22/ having a larger curvature than the

fifth small curvature part 21e, a sixth small curvature part 21f

having a smaller curvature than the sixth transitional area 22/,
and a seventh transitional. area 22¢ having a larger curvature
than the sixth small curvature part 21/, 1n this order.

In this configuration, the fifth to seventh transitional areas
22¢ 10 22g serve as the first to third large curvature parts 23a
to 23c¢, respectively.

As shown 1n FIGS. 1B and 1C, when the spiral spring 1
according to the present embodiment i1s 1n the elasticity
retaining state, a portion Of the first movable coil part 20(1)
haltway between the second and third small curvature parts
216 and 21 ¢ with respect to the circumierential direction 1s 1n
contact with the fixed. coil part 10 while leaving a gap
between this portion and the second movable coil part 20(2),
and thereby the natural frequency 1s further increased.

DESCRIPTION OF THE REFERENC.
NUMERALS

(L.

1 spiral spring

10 fixed coil part

20(1) first movable coil part

20(2) second movable coil part

21a to 21c¢ first to third small curvature parts

23a to 23c¢ first to third large curvature parts

What 1s claimed 1s:

1. A spiral spring in which an elongated member 1s wound
into a spiral shape in substantially the same plane so as to have
a fixed coil part serving as an end coil part and a plurality of
movable coil parts being continuous with a terminal end of
the fixed co1l part,

wherein at least a first movable coil part of the plurality of

movable coil parts that 1s 1n the innermost place 1n the
radial direction does not come 1nto contact with both the
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fixed coil part, which 1s radially adjacent inwardly, and a
second movable coil part, which 1s radially adjacent
outwardly, at the same place 1n the circumierential direc-
tion while coming into contact with only one of the fixed
coil part and the second movable coil part in a plurality
of places that are circumierentially displaced, when the
spiral spring 1s in an elasticity retaiming state reached
from a free length state by elastic deformation in the
diameter-reducing direction.

2. A spiral spring according to claim 1,

wherein the first movable coil part has a plurality of small

curvature parts with a smaller radius of curvature than
both sides 1n the circumierential direction,

wherein the second movable coil part has a plurality of

large curvature parts that are arranged 1n places respec-
tively corresponding to the plurality of small curvature
parts with respect to the circumferential direction and
cach have a larger radius of curvature than both sides 1n
the circumfierential direction, and

wherein the plurality of small curvature parts come nto

contact with the corresponding large curvature parts,
respectively when the spiral spring 1s in the elasticity
retaining state.

3. A spiral spring according to claim 2,

wherein the plurality of small curvature parts includes a

first small curvature part arranged 1n a place circumfier-
entially spaced from the terminal end of the fixed coil
part, a second small curvature part arranged 1n a place
circumierentially spaced from the first small curvature
part, and a third small curvature part arranged in a place
circumierentially spaced from the second small curva-
ture part, and

wherein the plurality of large curvature parts includes first

to third large curvature parts that are arranged 1n places
respectively corresponding to the first to third small
curvature parts with respect to the circumierential direc-
tion, respectively.

4. A spiral spring according to claim 3, wherein the first
movable coil part includes a haltway portion that i1s arranged
between the second and third small curvature parts with
respect to the circumierential direction and comes in contact
with the fixed coil part while leaving a gap between the
haltway portion and the second movable coil part, when the
spiral spring 1s 1n the elasticity retaining state.
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